2T RS e T e

wm R ————

DPST-77-259

HFBR POWER CALCULATIONS FOR HIGHER
235U CONTENT (351 gm) FUEL ASSEMBLIES
MMARY OF RESUILTS

0 e N W

U
(SUM

by
A. N. MALLEN

Approved by

P. L. Roggenkamp
Reactor Physics Division

E. i. DU PONT DE NEMOURS AND COMPANY
SAVANNAH RIVER LABORATORY
AIKEN, SOUTH CAROLINA 29801

PREPARED FOR THE U. S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION UNDER CONTRACT ATI07-2}1




This document was prepared in conjunction with work accomplished under Contract No. DE-
DE-ACQ9-76SR00001with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any lega liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161

phone: (800) 553-6847

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/support/index.html

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from:
U.S. Depatment of Energy, Office of Scientific and Technica Information,
P.O. Box 62, Oak Ridge, TN 37831-0062

phone: (865)576-8401

fax: (865)576-5728

email: report s@doni s. osti . gov




R e e el DMEEEE i bttt

CONTENTS

Introduction 7

T a- v R cH A

§ g A 7
/

Suimma 'Y
Discussion 8

Background 8

Review of the Calculational Procedure
Fuel Rotation Plan 11
Reactor Burnup Calculations 11

Burnup Results 13

ORTHOGRIM Flux Calculation 14

HFBR Power Density Calculations 14
Maximum Power Densities 17
Unpertainty Analysis 17
References 19
Il Appendix A 64
I‘ Appendix B 66




LIST OF TABLES

—h

W W ~N O O

10
1
12

Five-Group Structure Used for HFBR Power Calcu-
lations = 20

HFBR Fuel Rotation Scheme for 4-Cycle Operation
in the HFBR Edit Model 27

HFBR Eigenva]ues, Control Rod Elevations, and |
Time @ 60 MW Operating Power 22

Average 235U Contents (Grams/Assembly)
Equilibrium Cycle 23

Average 2%5U Burnup (Percent) 24

Percent Burnup by Quarter Fuel 25

Ax!a]iy Averaged Fuel Power 26

Maximum Average Plate Power Density P(X) 27
Maximum HFBR Power Densities 28

Axial Fine Mesh for the Fresh Core 29

Axial Fine Mesh for the Equilibrium Core 29

Uncertainties in Computed HFBR Power Densities Caused
by Approximations in the Computational Procedure 30



e T e e P W T SRR R e

LIST OF FIGURES

1 Cross Section of the HFBR Vessel 3
Cross Section of the HFBR Core 32

3 HFBR Core Centerline Group Fluxes (End of Equ111br1um
Cycle - 351 Gram 235U Assemblies) 33

P e RN
, .
N

4 | Axial Positions of HFBR Contro] Blades 34

Caicuiational Procedure for HFBR 35

o

HFBR Fuel Rotation Scheme 36

~ O

HFBR Edit Model at the (X,Y) Midplane Designating
the Fuel Numbers 37

8 Fuel Rotation Plan in REX-HFBR Geometry 38

w0

Base Material Numbers in REX HFBR Geometrv

[#%]
o

10 REX Ca11brat1on Curve 40

11 235y Burnup Versus Axial Distance (Fuel Type A) 47

12 235y Burnup Versus Axial Distance (Fuel Type B) 42
13 235 Burnup Versus Axial Distance (Fuel Type C) 43
14 223§ Burnup Versus Axial Distance (Fuel Type D) 44
15  ORTHOGRIM - Material Mesh in the (X,Y) Plane a5

16 ORTHOGRIM - HFBR Axial Mesh 46

17 Point Power Density Distributions P(X,Y,Z) 47

18 Designation of Plate Numbers and Y E1evat§ons in
the HFBR 351 Gram Fuel Cell 48

19  Fuel Power Density P(Z) and Axial Average Fuel
- Power Density P = SP(Z)dZ/AZ 49




20 Plate Power Density P(X,Z) and Axial Average Plate
Power Density P(X) = JP(X,Z)dZ/AZ 50

21 Point Power Density P(X,Y,Z) and Axial Average Point
Power Density P(X,Y) = JP(X,Y,Z)dZ/AIl &)

22 - 33 Plate Power Densities 52-63



HFBR POWER CALCULATIONS FOR HIGHER 2%y CONTENT
(351 GRAM) FUEL ASSEMBLIES (SUMMARY OF RESULTS)

INTRODUCTION

SRL has calculated the three-dimensional power distributions,
fuel burnup, and the equilibrium cycle length in the High Flux
Beam Reactor (HFBR)} at Brookhaven National Laboratory (BNL) for
a new fuel assembly design. The new fuel is an 18 plate assembly
containing 351 grams 2%°U per assembly. It has been proposed as
a replacement for the HFBR 315 gram assemblies in order to extend
the HFBR cycle time. The power distributions will be part of an
investigation of the feasibility of increasing reactor power by
50%.

This document presents only a summary of the results obtained
from the calculations. The detailed results of the calculations
are contained on computer printouts and data tapes that have been
transmitted to BNL.

SUMMARY

The mean cycle time for the equilibrium core was calculated
to be 14,33 days at a reactor operating power of 60 MW. HPBR
fuel plate power densities were determined at the start of cycle
for a fresh core (each assembly containing 351 grams 23 SU) and
for the start, middle, and end of cycle of the equilibrium core
(only 1/4 of the assemblies freshly loaded). The maximum point-

wise power densities, P(X,Y,Z), were located at the outer edge
of the core at the core axial midpnlane. These power densities
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relative to a core average of ‘1, 0 were

Fresh core start of cycle 3.596
Equilibrium core start of cycle 3.161
Equilibrium core - middle of cycle 2,836
Equilibrium core end of cycle 2,581

The maximum axially averaged plate power densities, relative
to a core average of 1.0, were

Fresh core start of cycle 1.885

Equilibrium core start of cycle 1,974

Equilibrium core middle of cycle 2,032

Equilibrium core end of cycle 1,956
-7 -




The maximum axially averaged fuel element power densities,
relative to a core average of 1.0, were

Fresh core start of cycle 1.186
Equilibrium core start of cycle 1.224
Equilibrium core middle of cycle 1.261
Equilibrium core end of cycle . 1.250

The fuel element burnup (total 2%%y consumed) after four
burnup cycles was between 42,5% and 47%, depending on the location
of the fuel at the time of discharge. The localized fuel burnup
is maximum at the top and bottom of the core, reaching 60% 2%%y
burnup. :

The control rod positions above the axial mldplane of the
core were determined to be

Rod Height . Reactor Time
{em) (daye @ 60 MW)
Fresh 351 gram core 21.83 0.0
Equ111br1um core 28.36 ¢.0
" " . 34,08 1.0
H " .39.88 . 4.0 .
" " 43,11 6.67
" " 45,78 8.67
" " 51,88 11,33
" " 60.96 14.33

An auxilliary calculation was performed to determine the
shutdown margin of the fresh 351 gram core with the eight upper
control rods fully inserted and the eight lower rods fully with-

drawn., Under these conditions, the eigenvalue calculated 1n
three-dimensional (X,Y,Z) geometry was 0,8211,

DISCUSSION
Background

The Brookhaven HFBR is a research reactor designed to produce
high intensity neutron beams for experimental purposes. The core
design and control system reflect this purpose. The reactor has
a small core surrounded by a very large moderator-reflector region.,
The reflector contains many beam tubes positioned to extract thermal
and fast fluxes for neutron experiments. Figure 1 shows the main
features of the HFBR, and Figure 2 illustrates the plate type
design of the 28 fuel boxes that comprise the core, The thermal
neutron flux peaks in the reflector region and 1s severely depressed
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in the interior of the core. This behavior is shown in Figure 3,
which shows the thermal and epithermal fluxes of a north-south
traverse through the core center.

The HFBR is controlled by upper and lower control rod blades,
located outside the core. They control the core by suppressing
the thermal flux in the upper and lower reflector regions. There
are eight upper control blades and eight lower blades, which are
normally above and below the active core region when the reactor

ig critical., The location of the control rod hlades fnf criticald
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minimizes the flux depression in the vicinity of the neutron beam
extraction tubes. The control blades are shown in Figure 2, and
their axial movement is shown in Figure 4.

The HFBR operates at a reactor power of 40 MW, It has
operated in a two-cycle mode where each cycle is initiated by
the loading of 14 fresh fuel assemblies in the 14 inner fuel
positions, with 14 partially burned fuel assemblies in the outer
core positions, The cycle terminates when the control rods are
fully out, The HFBR presently operates in a four-cycle mode, in
which seven fresh fuel assemblies are added at the start of each
cycle to the core center region while the seven assemblies with
the highest burnup are removed. Because of the steep flux
gradients within a fuel assembly, the plates in the fuel assemblies

do not burn-up uniformly during a single cycle, .Consequently, BNL
has ar_l_gnfpd a fuel shuffling plan to v1 eld Armrnx'imafp]v uniform

burnup of an assembly after it has completed four cycles in the
reactor,

At present, the HFBR is operating with a 2353 content of 315
grams per assembly and a cycle time of 17 days at 40 MW. BNL is
considering replacing the 315 gram assemblies by 351 gram assemblies
in order to extend the cycle time at 40 MW and determine the feasi-
bility of raising reactor power to 60 MWN. To determine whether
the new fuel will be able to perform satisfactorily during operation,
the power density in the fuel plates and the local burnup in the
fuel must be known. BNL has requested that SRL perform the necessary
calculations for this determination in accordance with the general

plans and procedures developed in reference 1 and summarized in
reference 2,

Review of the Calculational Procedure

The general calculational procedure requlred to obtain the
HFBR power densities for the 351 gram 23°U assemblies is shown
Figure 5. The basic procedures were detailed in Reference 1.



These included

Developing the average five group (Table 1) cross sections to

represent the fuel elements, moderator, core and axial extent,
beam tubes, reflector regions and control rods. This was domne
using integral transport theory (RAHAB).

Performing the HFBR fuel plate burnup calculations using
integral transport theory to obtain microscopic cross sections
for isotopes in the HFBR fuel.

Correlating the five group microscopic cross sections as a func-
11
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Performing the burnup calculations using the three-dimensional
burnup code REX, which solves the direct depletion equations
in the fuel portion of the HFBR reactor. The half reactor
problem is solved under the assumption of axial symmetry. The
homogenized isotopic contents in a quarter-fuel element were
calculated at each of five axial layers for seven discrete
times in the burnup cycle,

Comparing the fuel isotopic contents, control rod elevations,
and the cycle lengths of two consecutive burnup cycles to
determine if an equilibrium cycle has been established. The
control rod elevations at discrete times in the reactor cycle
and the cycle length are variables used to match a "control
rod calibration curve" for the REX code, Equilibrium is
established when the core contents do not change between two
cycles that have the same rod elevations and cycle lengths.

Developing transport theory correction factors by inter-
comparison of two-dimensional diffusion theory (2D-ORTHOGRIM)
with two-dimensional Sy transport theory (TWOTRAN).

Solving for the three-dimensional (X,Y,Z) diffusion theory
flux (3D-ORTHOGRIM) in the quarter reactor, Axial symmetry
is assumed, and the fuel rotation plan provides 180° symmetry
in the (X,Y) plane,

Applying the transport theory correction factors to the three-
dimensional diffusion theory flux,

Interpolating the region-wise three-dimensional transport
corrected flux to the fine mesh structure dictated by the
design of the fuel elements. The interpolated flux is used
to calculate the total power density of the fuel, the plate
power densities, and the point power densities (HFBREDIT).

- 10 -
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fuei Rotation Pian

The fuel rotation plan chosen for the HFBR 351 gram 2%%y
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A through G indicate seven distinct fuel types that are charged
at the same time; and the numeral designation indicates the
number of irradiation cycles the fuel type has undergone. The
fuel rotation plan provides reflective symmetry through the
center of fuel type A, so that there are only four fuel element
types with unique burnup and power histories. The rotation plan
also provides uniform burnup of the four corners of the fuel
element after the completion of four reactor cycles. The fuel
rotation plan (Flgure 6} can be superposed on the HFBR Edit Model
shown in Figure 7, to obtain the cross rererence 1151’. in Tabie 2.

The "fresh core' contains 351 gram 2%3y assemblies in all 28
fuel pneifinnc at the start of npnfnfinn As 35” bhurns up, the
control rods are withdrawn from the core to maintain criticality.
When the rods have reached the maximum withdrawal (60.96 cm above
and below the axial midplane) the reactor will be shut down and
the seven fuel assemblies with the highest burnup will be dis-
charged. The high burnup assemblies are designated A4 through
G4 (Figure 6) and are located on the outer portion of the core.
Assemblies designated A3 through G3 will be moved to the A4 through
G4 positions. Similarly, assemblies A2 through G2 will be moved
to A3 through G3; and Al through Gl will be moved to A2 through
G2, Finally, seven fresh fuel assemblies will be loaded in loca-
tions Al through Gl, After loading the seven fresh fuel elements,

sufficient reactivity is available to initiate the next burnup
cvcle

'J -

After a sufficient number of burnup cycles, an "equilibrium
core' is established. The core is in equilibrium when

a. The control rod positions (at critical) between two burnup
cycles are the same,

b. The isotopic concentrations between two burnup cycles are
the same, and

c. The cycle lengths between two consecutive cycles are the
same,

‘Reactor Burnup Calculations

The HFBR burnup calculations were done using the REX burnup
code, a three-dimensional reactor depletion calculation in
hexagonal geometry. The geometric model of the HFBR is illustrated
in Figure 8, which also shows the fuel designations. Each physical




fuel assembly is represented by four contiguous hex regions.

Each hex has a separate material composition for the five axial
1evels above the midplane of the core. The base material numbers
(the first axial level in the fuel) are shown in Figure 9. The
homogenized isotopic contents in these regions are calculated by
solving the direct depletion equations in these regions at seven

2 2 - rn Th 1RN° cyvmm - ) e
discrete times in the burnup cycle, The 180 symmetry in the

(X,Z) plane is absent in the REX burnup model. Thus, the burnup
calculations were performed in 360° symmetry. The isotopic
contents at the end of a burnup cycle were averaged about an
"averaging plane'" (shown in Figure 7} to simulate the true 180°

symmetry.

The control rod cross sections for the REX burnup model were
determined in the prev1ous study of the 315 gram HFBR assemblies.
This was done by comparing BNL measurements of critical rod height
vs., exposure and the REX calculated eigenvalue at the critical
rod height at the start of cycle. Absorption cross sections in
the control rods were adjusted to force agreement between the
measurement and calculation at the start of cycle. The same
adjusted control cross sections for REX were also used in these
calculations.

The measured critical rod heights and the REX keff calcula-~
tions from the earlier study established a "REX calibration curve"

LTy 3 B4 in Th Aal4 3
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shown as the dashed curve in Figure 10, The modeling errors in

REX that were noted in the previous study were assumed to be
present in this study. Hence, earlier k. ge calculations were
matched as closely as noss;ble. The aheence of any experimental
control rod data for the 351 gram core forced reliance on this
calibration curve to determine the cycle length and critical rod
positions for the equilibrium core, The final results obtained

are shown as the solid 1line in Figure 10,

The burnup calculations were initiated by guessing the
.equilibrium core isotopic contents, cycle length, and critical
rod positions at fixed times in the burnup cycles. An error in
any of the above parameters would yield deviations from the REX
calibration curve, and would require adjustments to cycle length
and control rod heights; then another burnup calculation would
be performed,

A number of constraints were used in matching the data for
the 351 gram assembly core with the REX calibration curve:

a. The cycle would be terminated when the rods were fully out,
b. The REX keff had to be 1.0 at the start of the next cycle,

c. The REX keff had to match the calibration curve kéff at the
end of cycle,

- 12 -
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d. The mid-cycle data should match the calibration curve well,

e. The final curve should be a reproduction of a curve from
the n'rp\nmm hn'rmlp calecitlation without ohanorna :-mv nara-

TrARITERD TS r—=>
meters from the previous cycle,

£. The ?%5U concentrations should change by less than 1% by
quarter fuel element, and change by less than 2% along
any axial mesh point.

All these constraints were met after eight complete burnup

cycles, The final data for Figure 10 is listed in Table 3, The
best estimate of the cycle time based on these burnup calculations
is 14,33 days at a reactor power of 60 MW, This is “19% longer
than for the 315 gram 23°U assemblies (on an equal power basis).

Burnup Results
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at the end of the equilibrium cycle are shown in Figures 10, 11,

12, and 13, The figures show the percent burnup (measured
relative to the fresh 351 gram 235y assemblies) as a function of

axial distance above the core midplane, The burnup calculations
were done for each quarter fuel element. Thus, at the end of

the burnup cycle, each fuel element had four burnups for each

of the five axial levels in the burnup calculations. The maximum
and minimum burnups are plotted as burnup '"bands" in Figures 11
through 14. A narrow band at the end of the burnup cycle indi-

cates uniform 23U contents within the fuel element at a given
axial location.

[

The highest burnup occurs at the top (and bottom) of the
core, This is due to the relatively high thermal fluxes in the
upper (and lower) reflector regions, and the continuous expcsurg
(over four L.yu.u::u of the L.I.Pb of the fuel elements to.these
high fluxes. The maximum thermal flux occurs at the core edge
at Z=0, But since a fuel element spends only half its lifetime
(two cycles) near these high flux regions, it does not exhibit
maximum burnup at the core midplane (Z=0).

The average burnuns for the start nd end of the equilibrium

cycle are listed in Tables 4 and 5, The maximum burnup (averaged
over the entire fuel element) will be 47% (in Fuel Type C,

element Fl4), and the maximum local burnup (at the tip of the
fuel element) will reach 60%, Table 6 shows the Z-averaged
burnup by quarter element for the HFBR core with 351 gram fuel
assemblies, The burnups vary from 9,1% to 17,3% per quarter
element per cycle,

L 13 -




ORTHOGRIM Flux Calculation

The three-dimensional (X,Y,Z) diffusion theory code,
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HFBR.. The ORTHOGRIM geometry provides an exact model of the
homogenized fuel elements of the HFBR core. It also treats the
beam tubes in the reflector region with more detail than the
model used in the burnup calculations. The control blades are
also represented in their exact geometry.

A map of the ORTHOGRIM geometry in the (X-Y) plane is shown
in Figure 15; and the ORTHOGRIM geometry in the (X-Z) plane is
shown in Figure 16. The ORTHOGRIM flux calculation was done
for the quarter reactor using 62790 (70 x 39 x 23) fine mesh
intervals and five energy groups. The flux mesh in the fuel

elements was typically (7 X 7 X 11) = 539 points per half element.
The exact ORTHOGRIM dimensions are listed in Appendix A.

The adjusted control rod cross sections used in ORTHOGRIM
were the same as those used previously.? The rod cross sections
had been adjusted to give eigenvalue and approximate flux shape
agreement between two-dimensional diffusion theory using the
adjusted rod cross sections and two-dimensional transport theory
using the un-adjusted rod cross sections. ' :

To improve the accuracy of the three-dimensional diffusion
theory calculations, sets of transport correction factors were
calculated, The transport correction factors were based on a
pointwise comparison of two-dimensional transport theory fluxes
and two-dimensional diffusion theory fluxes in the reactor core.
These transport correction factors were used to scale the three-
dimensional diffusion theory fluxes. A separate set of transport
correction factors was used for each of the four ORTHOGRIM flux
calculations that were done. The transport correction factors
typically increased the relative fuel powers at the core-reflector
interface by 3%,

HFBR Power Density Calculations

The detailed plate power densities were calculated by quad-
ratic interpolation of the ORTHOGRIM power densities. The ORTHO-
GRIM power densities were derived from three-dimensional transport
corrected group fluxes and from the REX macroscopic fission cross
sections, These power densities were quadratically interpolated t
to get the detailed power densities in the fuel plates, The !
interpolation was confined to the physical boundaries of the fuel \
cell, First, the interpolation was done in the Y-direction, to ‘
obtain a nine-point (uniformly spaced) power shape for each X .
mesh interval. Then the nine-point power shapes were interpolated

R SN
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in the X-direction to obtain 18 uniformly spaced X-points for
each Y-level in the fuel, This was done for all axial levels
within the fuel assemblies. Finally the power densities were
normalized te a core average power density of 1,0. Typical
power distributions obtained in this way are shown in Figure 17,

Figure 18 shows the plate numbering scheme we used and the
Y-level or fractional elevation designation of the Y-mesh points
within a plate. The plates are numbered 1 through 18, with plate
1 always facing north. The maximum Y-level (Y=9) within a plate

always points toward the east. The minimum Z-level is located
at the core midplane.

The power densities in the HFBR 351 gram fuel were calcu-
lated for four cases, These were

a. Fresh 351 gram assembly core, T=0.,0 days @ 60 MW

b. Equilibrium core (start of cycle), T=0.0 days @ 60 MW

c. Equilibrium core (wmiddle of cycle), T=6.67 days @ 60 MW
d. Equilibrium core (end of cycle), T=14,33 days @.60 MW

The different types of power densities calculated for each
case are defined

1. P(X,Y,Z) = point power density in plate X, at Y-level Y,
at axial level Z

2. P(X,Y) = axially averaged point power density =
JP{X,Y,Z) dz/fdz

3. P(X,Z) = plate power density in plate X, at axial level
Z = fP(X,Y,2) dY/sdy

4, P(X) = axially averaged plate power density in plate X =
SIP{X,Y,Z) dz/Z/f/dYdZ

5. P(Z) = fuel power density at axial level Z = [/P(X,Y,Z) dXdY/
Sraxay .

6. P = axially averaged fuel power density = [SSP(X,Y,Z) dXdYdZ/
[/[axdYdz

The axial average fuel powers, P, for all four cases are shown
in Table 7. In all cases, fuel position F3 shows the .highest
average fuel power, Position F3 is occupied by Fuel Type C in the
third cycle of operation in the equilibrium core. The fuel power
history of Fuel Type C is shown in Figure 19 for three time steps

- 15 -



in each of its four cycles of operation. The figure shows both
P and P(Z) plotted versus the Z-level index.*

The highest plate powers, P(X), in the HFBR fuel assemblies
are shown in Table 8. The highest plate powers were always
located in plate 1 or. plate 18. The plate power hlstory of Fuel
Type C is traced in Figure 20, where both P(X) and P(X,Z) are

shown for plates 1 and 18.

Figure 21 shows the point power history of Fuel Type.C for
the "hot corner' in plates 1 and 18. Both P(X,Y,Z) and its
axial average, P(X,Y) are shown in the figure.

The plate power densities, P(X,Z), for the entire core (at
the core midplane) are shown in Figures 22 through 25 for the
fresh core and three times in the equilibrium core. Similarly,
Figures 26 through 29 show the plate power densities at the top
of the core. Finally, Figures 30 through 33 show the axially
averaged plate power densities P(X) for four times in the fuel

n--n1 Py

Lyvie,

The general behavior of the other types of fuel elements
is similar to Fuel Type C. During the first two cycles of the
fuel element's life, the element is located in the radial interior
of the core, where the thermal fluxes are relatively low. Near
the upper (and lower) reflector regions, high thermal fluxes
yield high power densities at the top (and bottom) of the interior
fuel elements. As the control rod banks are withdrawn durlng a
cycle, the thermal flux increases in the upper reflector reglons,
thus increasing the power peaking at the top of the core. When
the fuel element begins its third cycle, it is located at the
core radial outer boundary where extremely high thermal fluxes
produce a very high power peak in one of the corners of the fuel
assembly, The location of the control rods at the start of the
third cycle suppresses the thermal flux at the top of the core
and produces a very large axial power density gradient in the
outer fuel plate, As the control rods are withdrawn, the upper
reflector thermal flux increases relative to the radial flux;
and the power density becomes more uniform over the axial (Z)
length of the fuel plate, This behavior is repeated for the
fourth cycle, but because of the higher fuel burnup in the fourth
cycle, the power densities are lower than in the third cycle.

* Note that the Z-level index does not vary linearly with the Z
dimension in Figures 19, 20, 21; however, the deviation from
linearity is not too severe., Tables 10 and 11 contain the
conversion between the Z-level index and the Z dimension.
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Maximum Power Densities

The maximum power densities by fuel, by plate, and by point
are summarized in Table 9. The maximum 200 point power densities

for each of the cases studied are listed sequentially in Appendix
B.

Uncertainty Analysis

An unambiguous assessment of the accuracy of the calculations
of HFBR powers is not possible, since there are no measured data
available with which to compare the results.. Several contribu-
tions to the uncertainty of the computed powers can be estimated,
however, based on approximations that were made in the computa-
tional procedure. The approximations that have been identified

that contribute to this uncertainty are:
1. effects of energy group structure,
2. effects of spatial mesh structure,

3. effects of material mesh structure,
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6. use of diffusion theory in burnup calculations,
7. use of hexagonal geometry in burnup calculations.

This list is not comprehensive; for example, it excludes effects

of approximations made in the definition of the physical model of
the HFBR, such as homogenization of reflector components, and
assumptions made regarding core symmetry. These approximations
may result in some averaging of local power densities, and also
may yield slight errors in radial and axial leakage. These effects
are not readily estimable but are believed to be small.

The energy group structure used in the ORTHOGRIM calculations
was selected after testing of alternate, more detailed structures.
Tests involved comparison of thermal flux shapes using two-
dimensional ORTHOGRIM calculations, Results of these tests
indicated that use of the five-~group structure yielded a me
difference of 1.5% in the thermal flux in the HFBR fuel, T

an
relative
to a seven-group structure selected as a standard,
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Similar tests of the spatial mesh structure used in
ORTHOGRIM against finer mesh structures y1e1ded a mean thermal
flux difference of 0,12%.

‘The material mesh structure used in the burnup calculation
is, by necessity, coarse. Hence, fuel burnup in plates near the
core-reflector interface is underestimated. Use of a finer
material mesh, if it had been possible, would have yielded a
flatter radial power distribution than the one reported.

Uncertainties in the burnup procedure as measured by
differences in REX eigenvalues from 1.0 at flux calculation
times are believed to have little effect on the burned-up
fuel concentrations., The uncertainty in peak powers resulting

from such burnup errors is estimated to be less than 0.2%.

Uncertainties in the power shape as measured by differences
in three-dimensional ORTHOGRIM eigenvalues from 1.0 are likely
due to a misrepresentation of neutron leakage from the core.

To the extent that this is true, the reported peak power densities
should be conservative, since reported eigenvalues are generally

slightly greater than 1.0.

Use of transport corrections to flux shépes in the horizontal
plane removes much of the error inherent in diffusion theory
treatment of the interface flux gradients., No transport correc-

1 =~ F£712 ehn +ha
L1001 VO TiUX snapes in the axial direction was made, Some under-

estimation of power peaking at the top and bottom of the core
should result, This should be less than corrections applied in
the radial direction, since the diffusion properties of the top
and bottom core reflectors approximate those of the core more
closely than do properties of the radial reflector. Under-
estlmates of local power densities at core top and bottom by 1

Errors in p01nt powers based on errors in p01nt concentrations
of -23%y (due to the REX limitation on mesh points in the burnup
calculation) do not propagate through the burnup cycle, An error
in a point concentration in a cycle will be partially compensated
by an opposite error in the next cycle, The maximum error in
noint concentrations occurs when and where the 35[[ concentrations

Y LY TnLe R Labas (oL 2 Y Yaswai &Kiite L= = LLILRlLLI G L AV

of a quarter fuel element differ by the largest percentage. This
occurs at the end of the third cycle and start of the fourth cycle
for any fuel element, Linear extrapolation of the quarter fuel
235 concentrations at the axial midplane to the corners of the
fuel element at the end of cycle 3 show that the quarter fuel
concentration is 9% higher than the concentration of the "hot
corner" in that quarter fuel, But since the power and burnup
rate are proportional to the concentration, flux, and cross
section (N¢o), and since a reduced concentration at a fuel corner

.= 18 -
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leads to a higher flux at that corner, the error in (N¢o) will
be less than 9%. The errors in the point concentrations, due to
the limitations of the mesh structure, tend to be compensated

by opposite errors in the flux, so that the errors in power or

™ D 1%
burnup rate are less than the errors in concentration. Peak

powers in the outer fuel assemblies at the end of the fuel
element's third cycle are estimated to be roughly 5% too high,
At the start of the fourth cycle, peak power densities are
estimated to be roughly 3% too low because of errors in point
concentrations. At the end of the second and fourth cycles,
as well as the start of the first and third cycles

» peak powers.
are believed to be accurate to 1%

Effects of these approximations on HFBR peak power densities
are summarized in Table 12, All effects are indicated as uncer-

tainties in the power density, although some effects are consi-
dered factors of conservatism.
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TABLE 1

Five-Group Structure Used for HFBR
Power Calculations

Group Upper Energy, eV
1 10.0 (10%%)
2 0.82085 (10*%)
3 0.55308 (10%)
4 ~0.6325
5 0.0801604

6

Minimum energy = 0.6325 (107 7)
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TABLE 2

HFBR Fuel Rotation Scheme for 4-Cycle
Operation in the HFBR Edit Model

Cycle Number
Fuel Type | 1 2 3 4

F2 =+ F15 =+ Fl16 -+ Fl
"F12 -+ F'S + F8 =+ F'9
F13 + F4 -+ F3 -+ F'l4
F7 + F10 > F11 ~ F'6
F'7 + F'10 » F'l11 + F6
F'13 » F'4 =+ FE'3 -+ Fl4

a W m o 0o w o>

F'12 -+ F5 -+ F'8 -+ F9
Note: Fuel types A, B, C and D are unique.

Fuel types G, F and E are mirror images of B, C.and D
respectively.
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TABLE 3

.......

HFBR Eigenvaiues, Control Rod Elevations,

and Time @ 60 MW Operating Power

Rod Height(l) Reactor Time REX
~{cm) (Days) .keff
Fresh 351 gm core 21.83 0.0 -
Equilibrium core 28.36 0.0 1.00024
34.08 1.0 1.00422
39.88 4.0 1.02508
43.11 6.67 1.03074
45.78 8.67 1.03427
51.88 11,33 1.04031
60.96 14,33 1.03648
Shut down margin
of Upper Rod Bank
Fresh Core -15.24 0.0 -

Note:

(1)

Rod elevation relative to core mid-plane.

ORTHOGRIM
eff

1.01138
1.00494

1.02295

1.01905

0.82106



TABLE 4

Average 235U Contents (Grams/Assembly)
Equilibrium Cycle

F 8 F3
280 231 «Start of cycle
231 187 +«End of cycle
49 44 +<Burnup per cycle
Fé F7 F10 F11
235 351 314 281
194 314 281 235
41 37 33 46
F3 F4 Fb Fl2 F13& F14
279 313 313 351 351 230
230 279 280 313 313 186
49 34 33 38 38 44
F1 F2 F15 F16
240 351 314 281
202 314 281 240
38 37 33 41

CORE AVERAGE 2%°U CONTENT

start of cycle 294 gm
end of cycle 254 gm
burnup/cycle 40 gm

AVERAGE 2%%U CONTENT FOR DISCHARGED ASSEMBLIES

191 gm
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TABLE 5

Average 235U Burnup (Percent)

[éurnup = 2;;? gﬁg;ngd X 100%]
L 4
Fg Fg
20.2 34.2 «Start of cycle (%)
34,2 46.7 «End of cycle (%)
14.0 12.5 <Burnup per cycle (%)
Fé F7 F10 F11
33.0 0. 10. 19.9
44 .7 10.5 19.9 33.0
11.7 10.5 9. 13.1
F3 Fq F& F12 F13
20.5 10.8 10.8 0. 0.0
34.5 20.5 20.2 10.8 10.8
14.0 9.7 9.4 10.8 10.8
F1 F2 F15
31.6 0.0 10.5 .
42.5 10.5 19.9 31.6
10.8 10.5 9.4 11.7
CORE AVERAGE BURNUP
Start of cycle 16.2%
End of cycle 27.6%
Burnup per cycle 11.4%
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TABLE 6

Percent Burnup by Quarter Fuel

F8 F9
20.0 20,51 33.2 30.1{ Burnup start of cycle
37.9 35.5146.8 46.8| Burnup end of cycle
17.9 ©15.0 1 13.6 _ 16.7) Burnup per cycle
20.6 19.9] 37.9 35.5
33.2 30.1]|46.6 46.7
12.6 10.2 8.7 11.2
F6 F7 ‘ F10 F11
28.5 | 31.7(1 © 0 11.8 10.2120.9 | 21.0-
44.6 ' 43.1|11.8 , 10.2] 20.9 21.0133.5 38.1
16.1  11.4|11.8 @ 10.2) 9.1 10.8}12.6  17.1
33.5 38.11 0O 0 10.2 9.6({18.8 18.7
44.9 46.1110.2 5.6f18.8 18.7328.5 . 31.7
11.4 - 8.0110.2 9.6 8.6 9.1] 5.7 . 13.0
I'I'3 F4 Fb Fig F13 Fil4
21.2 ° 21.3]10.3 12.0{11.8 11.2 0 0 0 0 34.8 : 30.3
39.1 34.0121.2 21.3}20.6 19.9} 10.2 10.1710.3 12,0 [46.1 ' 46.8
117.9 12.7110.9 9.3] 8.8 8.71 10.2 10.1§10.3 12.0 11.3 ! 16.5 _
19.7 19.9110.3 10.6{10.2 10.1 0 0 0 0 39.1 34.0
34.8 30.0{19.7 19.9{ 20.0 20.5} 11.8 11.2110.3 10.6 j47.5 47.5
15.1 10.14 9.4 9.6/ 9.8 10.4) 11.8 11.2}110.3 10.6} 8.4 13.5
Fl F2 Fi15 F16
29.5 33.71 0 0 10.1 10,9 19.9 19.9
42.5 42.5110.1 10.9 19.9 - 19.9}29.5 33.7
13.0 8.8)10.1 10.9) 9.8 9.0}9.6 13.8
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TABLE 7

Axially Averaged Fuel Power

P = 147 POLY D) exdvaz/sssanavaz]

FR g
1.16104 | 1.16104 [cFresh 351 gn/assy core (t=0)
1.21363 1.07664 -Equilibrium core (t=0)
1.26337 1.11245 |<Bquilibrium core (t=6.67 days)
1.24734 1.09002 «Equilibrium core (t=14.67 days)
Fé6 F7 F10 F11
1.18390 .79228 .79228 1.18390
1.04172 .90376 .82486 1.16771
1.04776 .89289 .82969 1.17529
1.03093 .91360 .84072 1.16465
F3 |4 Fs Fi12 F13 F14
1.18573 .82583 .90892 .90892 82583 1.18573
1.22392 .84741 - .88010 .96374 92771 1.08208
1.26083 .83895 .83828 .90603 90463 1.10594
1.24971 .85357 .83878 .91006 92446 1.08813
F1 F2 F156 Fle
1.03444 .85205 .85205 1.03444
.91256 .93102 .84624 1.03804
.92505 .89316 .82019 1.05150
.92970 .90625 .82916 | 1.06232
Note: Core Average Fuel Power = 1.0,




TABLE 8
Maximum Average Plate Power Density P(X)

[P(X) = 11 P(X,Y,2) deZ/fdedZ]
where X = plate 1 or plate 18

- -

= L2 -

o rQ
1.62561 | 1.62561 Fresh 351 gm core
1.72554 1.52929 Equilibrium core t=0
1.79531 1.57697 Equilibrium core t=6.67 days
1.73292 1.51090 Equilibrium core t=14.33 days
[Fé F7 F10 F11
1.80065 .87499 87499 1.80065
1.59578| 1.04825 93572 1.78198
1.60147} 1.05330 94816 1.79139
1,53912% 1.07998 .96830 1.73477
F3 Fq F& F12 F13 F14
1.88460 .8778¢0 93689 93689 .8778 1.88460
1.97372° .94607 89494 99173 1.06658 1.76045
2.03200 .96628 84724 92887 1.07607 1.79504
1.95606 .99123 84519 93100 1.10985 | 1.71508
F1 F2 F15 F'16
1.80749 1.04999 1.04999 | 1.80749
1.60735 1.11825 "1.01443 1.79498
1.62678 1.05434 .996617| 1.81535
1.59080 1.05548 .96283 1.78424




-sz -

Maximum HFBR Power Densities

Case Name  Case Fuel Plate Y-Level Z-Level Power Description
BASECASP A E3 All All All 1.18573 P
ORTH7 B " " " " 1.22392 Axially averaged
ORTH710 C " " " " 1.26083 Fuel power
ORTH722 D " " " " 1.24971 Density

A E3 1 All All 1.88460 P(X)

B " 1 " " 1.97372 Axially averaged

C " 1 " " 2.03200 Plate power

D " 1 " " 1.95606 Density

A F3 1 Al1 1 2.69381 P(X,Z)

B " 1 " 1 2.42324 Plate power

C " 1. " 1 2.18524 Density

D " 1 " 1 2.04199

A F3 1 9 1 3.59618 P(X,Y,Z)

B " 1 9 1 3.16144 Point power

C " 1 9 1 2.82317 Density

C " 1 9 1 2.57892

Note: (1) The word All is used to indicate an average over the X, Y or Z
dimension. ) ' :

(2) Because of 90° symmetry in CASE A (the fresh core) the power densities
(F3, plate 1) are equal to those in (F14, plate 18).




TABLE 10

Axial Fine Mesh for the Fresh Core

Z-level Elevation above core midplane (cm)
1 | 0 to 4.445
2 4.445 to 7.62
3 7.62 to 10.795
4 10.795 to 13.7583
5 13.7583 to 16,7216
6 16.7216 to 19.685
7 19.685 to 21.83
8 21.83 to 23.3374
9 23.3374 to 24.8449
10 24.8449 to 26.3524
11 26:3524 to 27.7018
12 27.7018 to 29.0512
é\
TABLE 11

Axial Fine Mesh for the Equilibrium Core

Z-level Elevation above core midplane (cm)

1 0 to 4.445
4.445 to 7.62
7.62 to 10.795

10.795 to 13.7583

13.7583 to 16.7216

16.7216 to 19.685

19.685 to 21.83

21.83  to 24.0066

24,0066 to 26.1833

26.1833 to 28.3600

28.36 to 29.0512

o O o~ BN

S
[y
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Uncertainties in Computed HFBR Power Densities
Caused by Approximations in the Computational

Procedure
Uncertainty in Maximum HFBR
Approximation Power Densities
ORTHOGRIM Energy Group Structure : 1.5%
ORTHOGRIM Spatial Mesh Structure - 0.1%
5%, end of 3rd cycle
REX Material Mesh Structure ~3%, start of Ind cycle

~1%, end of 2nd § 4th cycles
1%, start of 3rd cycle

Eigenvalue Errors
REX 0.2%
ORTHOGRIM conservative
Transport - Diffusion Correqtions

- Vertical plane 1-2%, top of core
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FIGURE 2. Cross Section of the HFBR Core
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F8 F9
'\QNORTH
F6 F7 F10 F11
F3 F4 F5 Fl2 F13 Fl4
Y
cd---F1----- ---F2 -----§M@§§!¥I—7 ----- ----F15 --}--F16 ---
plane .
F'3 F*4 F'S F'12 F'13 F'14
F'6 Ft7 F'10 F'il
F'8 F'9

Note: The primed fuel numbers are mirror images of the
unprimed fuel numbers.

FIGURE 7. HFBR Edit Model at the (X,Y) Midplane
Designating the Fuel Numbers
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Thimbles

Reflector

Hex Pitch = 1.63617"
Total Number of Cells = (183
Half Height = 25.375"

2

Unit cell area = 9.2736 in
Fuel unit cell half height = 11,4375 in

Fuel Rotation Plan in REX-HFBR Geometry
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Reflector

Hex Pitch = |.63617"
Total Number of Cells = 1183
Half Height = 25.375"

e ——

FIGURE 9. Base Material Numbers in REX-HFBR
Geometry
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RELATIVE POWER

CASFzOIRTHT)
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FRESH CORE, T=0 € 60 MW
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CASE=QRTHT?
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APPENDIX A

ORTHOGRIM Flux Mesh for HFBR
351 Gram Assemblies

|2
=

-
QUWO=NOWN D W e

g s
W N

= gt gt e Pt
=y O\ P

NNNNNN
Vi WN=OWw

N
ow

WwWwroNnN
N~ O Do~

Wl W
W oW

X FLUX MESH

D{OUTER) D{AVERG ) THICKNES
8.4455 4,2227 8.44%5
16,8910 12,6682 B.4455.
25,0698 20.9804 B8.1788
23,2485 29.1591 8.17E€7
41.4273 37.337% 8.17¢€8
49.86061 45.51617 8.17¢8
£3.6955 51.4508 4.08¢%
57.7849 55.7402 4.08%4
55.8256 58.8072 2.0447
61.8743 60,8519 2.0447
€2.5674 62,4358 1.1221
63,8991 63.4482 0.9017
64,8008 64,3495 0.9017
€5,%637 65,3822 1.1629
66,9860 66.4T48 - 1.0223
68,0683 67,4972 1.0223
69.0307 68.519% 1.0223
70.0530 69.541¢ 1.0223
10.126€3 70.389¢ 0.6723
12.4343 71.5803 1.70E1
14. 1424 73.288: 1.7081
T5.1647 T4.653¢& 1.0224
76,1871 15.6758 1.0224
.17.2085 76,6982 1.0224
78,2319 77.7207 1.0224
78. 8364 78.5341 0.6045
79.71317 719.284(C 0.89%3
80.6270 80.1794 0.89%3
62,3212 81.4741 l.6941
83.3435 82.8323 1.0223
£4,3658 83.8547 1.0223
£5.3882 84.877¢C l.0223
86,4105 £5.8993 1.0223
88.4552 87.4328 2. 0447
90.4999 89,4775 2.0447
- 64 -

$2.5446

94.5893

$5,6116

56,6340

$7.6563

$8.6786
100.3728
101.2683
102.1638
102.7678
103,7903
104.8128
105,8353
1C6. 8578
18,5658
110.2738
110. 5468
111,9690
112.5513
114,0135
115.0358
116.1588
117.1008
118.0027
119.1257
121.1702
123.2147
127,3037
131.3537
139.5727
147.7507
155.5297
164,1087
1725542
180.9997

91.5227

.. §3.5669

95,1004
96.122¢
97.1451
98,1675
$9.5257

100.8206

101.7161

1024658

103.2791

104.301 ¢

105.3241

1064346 %

107.7118

109.419¢

11C. 6107

111.457$

112.4801

113.5024

114:524 ¢

115.6172

116.6497

117.5517

118.5647

"120.1480

122.192¢
125.259:
129.348¢6
135.,4832
143.661¢
151i.8402
160.0162
16843314
176.777G

270447
2.0447
1.0223
1.0223
1.0223
1.0223
1.6942
0.89%5
0.8955
0. 6040
1.0225
1.0225
1.0225
1.0225
1.7C£0
1.70€0
0.6730
1.0222
1.0222
1.0222
1.0222
1.1620
0.9020
0.9020
1.1230
2.0445
2,0445
4.08¢0
4.0900
8.1750
8.17€0
8.1750
8,1750
84455
B. 4455

E—



ORTHOGRIM FLUX MESH

" Y Flux Mesh Z Flux Mesh
PNT  DULOUTER) D(AVERG)  THICKNES PNT D(OUTER)  D(AVERG)  THICKNES
1 1.8288 C.9144 1.82¢8 ] 4.4450 2,2225 4.4450
2 3.6576 2.7432 1.82¢8 2 1.6200 6.032¢ 3.17¢%C
3 4.9720 4,314 6 1.3145 3 10.7950 9,2075 3.17%0
4 6.2865 5.6293 1.3145 4 i3.1583 12.2767 2.9633
5 7.3152 6.8008 1.028&7 5 16.721i6 i5.2400 2+.96133
6 8,2296 T.7724 0.,9144 6 19.68650 18,2033 2.9633
7 9.1440 B.6B68 0.9144% 7T 21.8300 20.757¢ 2.14%0
8 10,0584 9.6012 0.9144 8 24.0066 22,9183 2,17¢7
3 10.5728 10.515¢ 0.9144 9 26,1833 25.095¢C 2.1747
10 12,2123 11.592¢ 1.23%5 10 28,3600 27.271¢ 2.17¢€17
11 13,1140 12,6631 °  0.,9017 11 29.0512 28.705¢ 0.6912
12 14.0157 13.564¢ . 0.90117 12 31.5660 30.308¢ 2.5148
13 14.6304 14.323C 0.6147- 13 34,0808 32.8234 = 2.5148
14 15,5448 15,0878 T 0.9144 14 36.979% 35,5301 2.8986
15 16.4592 16.0020 "0.9144 15 38,4286 37.7040 1.4453
16 17.3736 16.9164 0.9144 16 36,8779 39,1533 1.4453
17 18,2880 17.830¢ 0.9144 17 41.4956 40,6868 1.61176
18 19.5757 18.9318 1.2817 18 43,1132 42,3044 l.6176
19 20. 8634 20.219% 1.2877 19 45,1799 44,4466 2.6667
20 21,9455 21.4044 1.0821 20 51.8762 48,8281 6.06¢€3
21 22.8599 22.4021 C.9144 21 56.4181 54,1472 4,5418
22 23,1143 23,3171 0.9144 22 60.5599 58,6890 -  4,5418
23 24.6887 24.231°¢ . 09144 23 €4.4523 62.7061 3.4924
24 25,6031 25.1656 °  (.9144 -
25 26,7893 26,1962 1.18¢2
26 27.6910 27.2401 0.9017
27 28,5927 28.1418 0.9017.
28 29.2608 28,9267 0.66€1
29 31,0896 30,1752 1.82¢€8
30 32.5184 32,0040 1.8B2¢€8
3l 36.5759 34,7471 3.6576
32 40,2336 38.4064 % 3.651%6
33 47.5488 43,8911 . 7.31°%2
34 €4, 8640 51.2063 7.3182
35 £2.1792 58,5215 7.3152
36 65,4943 65.8361 7.31%2
31 76,8095 73.1519 T7.3182
ag 83.6547 80,2321 6.8452
39 $0.4999 87.0773 6.8452




APPENDIX B

Maximum Point Power Densities
P(X,Y,Z)

CASE CASENAME CASE DESCRIPTION

A ‘BASECASP Fresh 351 gm core t = 0.0 @ 60 MW

B ORTH7 Equilibrium core t=0.0 @ 60 MW

c ORTH710 Equilibrium core t=6.67 days @ 60 MW

e}
=)
X
~]
-
~1
I
¥}

Equilibrium core t=14,33 days @ 60 MW
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CASE = BASECASP

FUEL

‘Fl4
Fll
F9
Flé
Fll
F9
Fl4
Fg
F1l
Flé
Fla
Fll
F9
F9

POSITION

O BUNNWWR W W e W RN EW WO e NP URREN =AW RN R W W =W

MAXIMUM POINT POWER DENSITIES

ROMW

NN WWRNRNYRNEN PP PLUNWENSERNUWW AP N WNRNNW ANV RSN NWERAWUN FOR

PLATE

i8
[ ¥ ]
18
18
18
13
17
i7
17
18
17
18
18
17
17
1o
16
16
18
17
16
17
L8
17
L6
18
16
18
18
18
L5
15
L8
15
L6
18
la
18
15
15
16
17
16
ie
18

"5

L7
18
17
13
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P STy g grgr gy g R RS LI T R R A L L A b A s S

Y-LEVEL 2—-LEVEL

E===uas

Php.‘.’uw.—w“wNNN.—Nw._PP,_,_N._.N‘.Nm&ufuw-pHFNNWWNUFF—pNNNPF'r-‘

POWER

IBITI

3. 59618
3.53130
3.51745
3.48305
3.42158
3.40376
3.39580
3.34050
3.33499
3.31767
3.28892
3, 26420
3.23760
3.23285
3.23129
3.19675
3.17143
3. 14487
3.13699
3.13268

2_N0412

SOV IT Ak

3.08250
3. 08022
3,07493
3.06884%
3. 04744
3.04708
3.04262
3.03852
3.029064
3.02490
3.01841
2.99946
2.94903
2.94827
2.93538
2.93123
2.92706
2. 92342
2.91893
2.9083¢4
2.90672

2.904644 -

2.89462
2.88432
2.87737
2. 86775
2.86191
2.85204

INDEX
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wWWWN
[ SRl =)

W W
S W

w
W



CASE = BASECASP MAXIMJM POINT POWER DENS IT1ES

FJEL POSITION  ROW PLaATE y-LEVEL Z-LEVEL POWER
=== m==g=oces === Sz==n= =Emm=ons m—EETES= ==S=ES
F9 1 4 17 9 4 2.84866
Fil 2 3 L& 9 1 2. 84329
F9 1 4 1e 9 2 2.84044
Flé4 3 2 14 9 ¥ 2.81309
Fil 2 3 18 B8 3 2.81291
Fl4 3 2 13 9 1 2.78970
F9 1 4 18 ] 3 2.78828
Fl4 3 2 L5 3 3 2.18461
F9 1 4 15 9 3 2.78415
F9 1 4 12 9 1 2.78187
F1l 2 3 16 9 5 2.77970
Fle 3 2 18 7 2 2.T7804
Fll 2 3 17 8 1 2. 17184
F9 t 4 L7 8 1 2.77668
Fla 3 2 L7 8 2 2.171208
F9 L 4 i3 9 2 2. 75983
Fie 3 2 18 9 5 2.75976
Fil 2 3 13 9 1 2.15797
Fll 2 3 14 9 2 2. 75493
Fll 2 3 15 9 3 2.75145
Fls 3 2 16 S % 2.72750
F9 1 4 11 g 1 2.72990
Fll o2 3 18 7 i 2.72762
F1l 2 3 16 9 4 2.71307
F9 1 4 15 9 4 2.70429
Fia 3 2 13 9 2 2.70205%
F9 1 4 14 9 3 2. 70184
Fie 3 2 18 6 1 2.69868
F9 1 4 18 7 1 2.69600
F9 1 4 12 9 2 2.69197
Fll 2 3 L7 8 2 2.69177
Fl4 3 2 13 8 4 . 2. 688086
9 1 4 17 8 2 2. 681702
Fl4 3 2 12 9 1 2.68485
F9 1 4 10 9 1 2.68142
F9 1 4 18 9 5 2.67978
Fla 3 2 14 9 3 2.67966
F11 2 3 13 9 2 2. 67224
Fil 2 3 12 9 1 2.65819
Fla 3 2 18 1 3 2.6470%
F11 2 3 18 7 2 2. 64325
F9 1 4 9 .9 13 2.64184
£9 1 4 11 g 2 2.64173
~ Fl4 3 2 17 8 3 2.64081
Fil 2 3 14 9 3 2.62801
F11 2 3 i8 8 4 2.62635
Fl4 3 2 16 8 1 2462557
F9 1 4 13 9 3 2.62529
F11 2 3 it 9 5 2. 62355
Fléa 3 2 13 & 2 2.61464
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CASE = BASECASP

FUEL

F9
F9
Flé
Flé
Fl4
F9
F9
Fie
F9
Fla
F9
F11
Flé
F11
Fii

Fll

Fié

POSITION

w-u~w~u~mu-u—u—ww-p-»u~—-wp~u-~m~wNwNPUh“U“““"

MAXIMJM POINT PUWER DENSITIES

ROw

===

NP PRNENUNWG WNENFRNENEPURSENF P LWWEARINSPLBURNY SR SN R ERONNES

PLATE

8
13
i7
12
i1
12

7
L5
18
L8
15
12
i3
11l
L7
15
18

o
17
12

9
L7
16
13

5
17
L6

da

[«

[7+]

¥Y-LEVEL

-n-nn-.;mccool:moboo-oo«oo»a-aovommoccmmoc-.ncmccn.o-00\0\-"0:0'0'000'0“0

I-LEVEL

ulUNNNaNU-—u--N-Dr-N-wrur-r-'wl—-wr—l\imo-w"-w“w"‘""'“W"'UN#F"‘”—NHNWNF

POWER

_—_meas

'2.61171

2.60917

© 2. 60561

2.60062
2. 59800
2.59487
2.58897
2.5854956
2.58338
2.58241
2.57973
2.57558
2.57410
2. 57146

2 L2020
L8 JUULO

2.56802
2. 56713
2.56543
2.56326
7.56088
2.55663
2.55601
2.55415
2.54903
2. 54665
2.54519
2.54318

2.83279

Lo Fei S

2.52153
2.52396
2.52214
2.52169
2.52025
2:5i 665
2.51326
2.50912
2.50557
2.50512
24 50384
2.50242
2.49849
2. 49297
2.49210
2.49156
2.48841
2.48426
2.48311
2.48284
2.48233

247775

INDEX

101
102
103
104
135
106
107
128
109
113
11l
112 .
113
114

115
L

115
117
118
119
120
121
122.
123
124
125
126
127
128

129
132
131
132
133
134
135
135
137
138
139
140
161
142
143
144
145
145
147
148
149

s En
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CASE = BASECASP

FUEL

===

F9
F11l
Fll
F9
F9
Fl4
Fil
Fll
Fls4
Fll
Fla
F9
Fla
Fg
Fil
Fq
F9

-2 W)
Lol B 4

F9
F9
Flae
Fla
Fl4
Fit
Fli
F9
F9
Fli
F11
Fl4
F9
Fy
Fle
Fl4
F1l
F9
Fil
Flé
Fle
Fla
F9

F11
FLL

E11Y
LI N 4

Fla

" Fls
F9
Fl1l1
Fla

POS 1T 10N

==zTI===

W W 0 PO O W 0 A D e N G A g 3 0 A e 1 ) L0 Al G e b e 1 RO e W0 ) O W N R R = e g N

MAXIMUM POINT POWER DENSITIES

ROW

NWENPFAOWWBFAENAONNWSER NS LEANWERSDPOUNPONNEPFMNEASWENSENUVUNWRWRO S RN

PLAIE

sEcTZ=S=

13
| §-]

16

12

5
18
18
|
le
i
17

4
i8

17
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N O W= EBOYOONI VT NV OY IO, OV O ROV WO RO DO OYN O Y OD O

Y-LEVEL ZI-LEVEL

So==E=3I =R

WRNENSE WP W R UND W e W ANV = NWRNFrFNWERNN NSRS PRWeR W~

POWER

2.47139
2.47510
2.47311
2. 46885
2446471
2.45935
2. 45767
2.45681
2.45315
2.45264%
2.45240
2.45134
2.44533

2.44283
T 2. 44205

2.44067
2443926
2. 43390
2.43337
2.432686
2.43072
2.4280%
2.42798
2.42281
2.421484
2. 41690
2.41688
2.41555
2. 41390
2.40949
2.4051¢6
2. 40381
2.40167
2,35808
2.39805
2.,39795
2.39558
2.39091
2.38805
2.38605
2.38445
2.37856
2. 37663

2 2TRDVe
CeaJdr 4V

2.37501
2. 3T422
2.37050
2.36831
236067
2.36608

INDEX

151

- 152

153
154
155
15%
157
i58
159
160
161
162
163
164
Le5
166
167

Y20

. 1B8

169
173
i7l
172
173
174
175
175
77
173
179
180
18l
182
183
184
185
185
187 -
l8s8
183
192
191
192
193

102
47

195
196
197
193
199
20).



Cegf = CRTHT MAX TMUM POIANT PCWER DENSITIES

FUEL POSITION RCW PLATE  Y-LEVEL 2<LEVEL  POWER INCEX
k-2 1 IzITITIOS -3 4 . moOEES 223 1 %1 ) sSZS=TSS =E===s ===
F32 1 2 1 9 1 3.16144 1
Fo 1 4 1 s 1 3.15597 2
F11 4 3 18 S 1 2.1108% 2
F2 1 2 1 < 2 3.08921 4
£8 1 4 1 < 2 3. 08652 5
F11 4 3 18 s 2 3.07927 €
FE 1 4 C2 s 1 3.01053 7
F3 1 H z < 1 2.9%486 8
F3 1 2 1 9 3 2.98574 S
F8 1 4 1 S 3 2.98133 10
Fi1 4 - 2 17 < 1  Ze€4T6T 11
£8 1 4 2 9 2 2.54045 1z
F11 4 2 1€ s 3 2.93743 13
£3 1 2 2 5 ] Z.52€27 14
F3 1 2 1 9 4 2.8665¢ 1%
Fe 1 4 1 s 4 2.68272 16
Flé 6 2 18 s 1 Z. EECTE 17
F11 4 3 17 9 2 2.87990 18
Fe 1 4 2 < i 2.£675% 19
F6 1 3. 1 s 1 Z.EE4GE 2C
Fl11 4 3 18 5 4 2.85600 21
8 1 4 2 < 3 2. 64014 22
F3 1 2 3 9 1 2.82087 212
Fs 2. 4 1€ s 1 2.83061 24
F3 1 2 2 X 3 2.02822 2¢
Fla 6 2 18 9 2 Z.B14€F 26
Fa 1 4 2 s 2 2.80119 27
F6 1 E] 1 < z Z. 16SCE 28
F11 4 3 16 9 1 2.19000 25
F2 1 2 1 ] 1 2.70404 30
F11 4 3 17 .5 E| Z. 76217 31
£2 1 2 3 9 2 2.76£07 22
F9 2 4 18 S 2 2.76645 33
F3 1 2 2 S 4 2.74612 24
FE 1 4 2 ] 4 2.74578 5
8 1 4 4 < 1 2.74452 36
Fe 1 4 1 g 1 2.7444¢€ kY
Fl4 € 2 11 s 1 2.73145 38
F11 4 2 1¢ < 2 Z.72%82 3¢
£ 1 2 1 9 5 2.1zz22:2 40
F2 1 i 1 e 2 2.72043 41
Fi4 6 2 1€ 9 E] Z. 71570 42
Fe 1 3 2 9 1 2.71€5z2 42
F11 4 2 11 € 4 2.7054% 44
8 1 4 3 g 2 Z.9C541 45
F11 4 3 18 8 1 2.70501 4€
Fé 1 2 ‘ 1 s 2 2.70493 471
) 1 4 1 9 5 Z.1€274 4
Fe 2 4 17 9 1 2.70029 49
F1t 4 2 18 < 5 2.£8548 50
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Fll
Fl1

F11

FE

= ORTHT
POSITION

g e O e et et bt S B DD ON e PN et gt P bt b s ) ON s ON et B et s P e N P e NN B D et e et O R N et e

_MAXINMUM FCTNT PCWER DEMNSITIES

ROW

WearNNpdPusdPuwwsIuwWONNVNWySsWHEVNOND PPN DWW RPN PN

PLATE

Ll el o
it O 2 VT NOVT D o DD 4 B
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DN CRMN WM NSO A Eh
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WO yN S~

- 72

HADDAONBIO AN DmodPpadndAalb. ANV AR AND ALAM DI LHELDANADANDB.A

Y-LEVEL

I-LEVEL

N N N R VISR R TC RURR SR Ut IS i S TURY, SOV I PR S O LR PUR S U N CIICR UL NI SR N S R S IV PO U e

2. €8346
2.€ECE2
2.68058
2.67316
Z.££54)

N Y- TN

LR Relsfoqode]

Z.6€84UE
24€€70¢
2.65400
2. €511°%
2.64G88
2.€4286
2. €2711
2.6341¢
2:62618
2+€21SE
2.61557
2. 61512
2.60488
2.59538
2,56502
2.5E91]
2.58890
€. EEEEE
2.58505
ce TTELE

z.£7%213
2 .57424
2056460
Z.5€012
2455781
2.55647
2455409
2.55207
e 5E1E2
2.54€27
2.54387
Ze£32€E2

«E3E1E



CASE = ORTHT7

FUEL

=|Eo==

£8
Fé
Flé
F3
Fé
£8
F8
Fll
F3
F3
Fo

[ =5 WA
ravw

Fé
Fo
F11
F3
Fll
Fll
F8
‘Fl1
F9
F8
F9
F8
Fll

ril
Fll
F3
F9
F3
F9

Fa

POSITION

EZTOATTISETS

D-P‘NiF'Na-J'#‘N-—r-.-F-J‘IQ-O‘.-—.-pN.-.-O‘l-.ao-N.-m‘\.-;\go-p,._.-cy-N.-,_.,,,_,_..._.0....,_,

MAXIMUM POINT POWER DENSITIES

ROW

}Neméwuw&wk&wuwwweawéoa-uaaraueuu~uawma-ue9u~wug

PLATE

P - [ -
a‘-ua.n—cpwr-nvlav-'o-.—.g,lvu,

-
Lol >+ 3

-

—

- -
o-.o.pmu-u:.prm-;uuc

-

-

e
O =~ 0 Wy oW e

[
or—wihNg&
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o-uoo-Ow.ocoaotnmo-0m~oocnc-umdnbeamo o0

Y-LEVEL

E2-2-2-2-+ 3

oqn.ac:momdzao.ovco-aoccnocca

Z-LEVEL

EEESERS

FE . SR R

FwNUNNNJhUu4-\n~wuruupv-\.rlm-o-.»o—mn—w.-wo‘so-—r--u.ru-pmmw»

2.51568
2.51301
2.50447
2. 50365
250324
250237
2. 50203
2.50175
2. 49931
2.49808
2.49425
249301
2.49287
2.49123
2.48718
2.48662
2.48364%
2. 48198
2.48094

. 2447841

P LTLEN
Lo TFUVUY

2.47597
2.47318
2.47316
2.46174
2. 45924
2.45800
2.45501
2.45171
2.45129
2.45001
2. 44806
2.4479%
2.44564
2. 44201
2.44076
2.43632
2.43631
2.43305
2.43114
2.43105
2.43103
2.43100
2.43002
2.42959
2.41864
2.41533
2.41521
2.41423
2.41138

148
149
150



CASE = ORTHY MAX IMJM POINT POWER DENSITIES

FUEL POSITION ROW PLATE ¥-LEVEL Z-LEVEL POWER INDEX
==== S EEIE==E === FEZES ZZRESER === =3s SSEIS NZE=
F3 1 2 1 6 i 2.40956 151
Flé & 2 18 a 3 2.40865 152
Fl1 & 3 i6 9 5 2.40716 153
Fll 4 3 13 9 2 2.40503 154
F9 2 4 L% 9 L 2. 40462 155
Fl4 (] 2 15 9 2 2,40139 156
F8 1 4 1 7 2 2.39788 157
F3 1 2 7 9 1 2. 39617 158
F3 i 2 1 8 5 2.39617 159
Fll 4 3 La 9 3 2439490 18]
Fla & 2 15 ) 4 2.39455 1£1
Fé& 1 3 4 9 2 2.39356 162
F8 1 4 i 9 3 2.39103 163
F8 1 4 9 9 2 2. 39085 164
F8 1 4 2 8 3 2.38860 165
F8 1 4 11 9 1 2.38170 165
Fé H 3 3 9 4 2.38148 167
F9 2 4 10 9 4 2.38063 168
Fil “ 3 18 7 2 2. 38036 169
Fii il -3 ie s i 2437563 170
Fla 6 2 17 9 5 2.37378 171
F3 i 2 - 9 [ 2. 37147 172
Fl4 6 2. 1% 9 1 2.36909 173
F3 1 2 5 9 4 2.36886 174
F8 1 4 ‘B 9 4 2.3655¢4 175
Fo 1 3 1 8 3 2.36319 176
F8 1 4 2 9 6 2.36317 177
Fo 1 3 2 9 5 2.36287 178
F3 1 P4 3 8 1 .4+ 36228 179
Fl& - b 2 18 8 4 2« 36146 180
F8 1 4 12 9 3 2.35850 lal
F8 i 4 L3 9 2 2¢35499 182
£2 1 & 3 8 1 2, 35486 133
F3 1 2 i 6 2 2,35456 184
Fla b 2 17 B 1 2435410 185
Fll 4 '3 i7 9 6 2.35275 186
Fla & 2 8 7 1 2.35103 187
F8 1 4 8 9 3 2034952 188
Fll o 3 L7 8 3 2.34829 189
£9 2 4 14 9 2 2.34821 192
Fé6 1 3 5 9 1 2.34794 191
F3 i F3 ] 3 3 2.34775 ise
F8 1 4 1 8 5 2.34631 193
F8 1 4 4 9 5 24 34570 194
F3 1 2 2 8 4 2.34364 195
F3 i 2 1 7 4 2.34292 195
F9 2 4 13 9 1 2.34150 197 .
F3 1 FJ 7 9 2 2.34120 198
F8 1 4 13 9 1 2.33887 193
F9 2 & 17 9 S 2.33743 200 .
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CASF = C(RTETIO MAX IMUM POINT pCWER CENSITIES
FUEL POSTTION RCW PLAYE Vv-LEVEL 2-LEVEL POWER

BrE=ER TRTITIE= -2 =oI3a= EX 2-23-% 3] BTERITTE =EZTz==

2.83619
2.82317
2.75422
2.,78141
2, 76774
2.72€10
2.T73463
2.73158
2eT12¢EEE
272251
2. 1C334
Z.€67872
2,67356
Ce €CERS
2.£€£322S
2.64404
2. €4105
2.€2297
2. 62201
2. ECETT
2.€605¢¢
2.55075
e SETEE
2.58302
2.57197
c.S7€82
2.54730
2.54697
2.54602
2.54414
Z.52£€S
2.52€72
2.52813
e £2E74
2.5162¢8
2.51531
Z.5CC2E
2,50821
2.5C048
f.5002¢
2.49763
2. 45687
- 24491965
2 «49054
2.48%18
2.48¢€71¢
2.48455
2. 4€2164
2.48134
2.47787
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(RTHT1O MAX IMUNM FCINT PCWER CENSITIES

POSITINN ROW PLATE Y-LEVEL Z-LEVEL PCWER INCEX
1 4 4 ] 1 2.46709 51
1 4 i g i R T LY 52
2 4 18 9 4 2.6609¢ 52
4 3 1¢ < 7 2.45601 54
1 3 1 9 3 Z.4SEET 55
6 2 18 9 3 2.4546¢€ 5¢
1 2 1 £ 2 2.45358 57
% 3 17 4 < ALY sE
4 3 16 9 2 2 .44436 59
1 2 2 < 4 2.44271 60
1 2 3 S a 2.42608 €)
1 4 4 < 2 2.43042 62
1 4 1 £ 2 2.42€81 613
1 4 2 9 6 2.64271F €4
2 4 i < 3 2.42484 &5
1 2 2 < 1 Z.4151% 6¢
& 2 17 9 1 2.4137% &7
[ Z 1€ S 5 2.40917 68
1 2 2 S ¢ Z. 60612 £<
4 3 1§ 8 1 Z2.40751 TC
1 2 i £ 4 2.40708 7
1 3 1 5 5 Z.4045¢ 72
1 2 1 € 3 2.40125 72
2 4 i7 < i 2.40089 T4
1 4 3 < 5 2.60037 1%
4 ki 1¢ S 4 2.39959 76
1 4 € < 1 Z.3570¢ 77
1 2 4 9 1 2.39412% 78
4 3 16 S 3 2.39223 79
1 4 2 5 7 Z.Z802¢ €c
1 3 2 9 2 2.271914 g1
2 4 1€ < 5 2.31502 82
1 2 1 S g ZeZTESE 83
1 4 4 9 3 2.37852 84
6 2 17 < 2 2.37780 85
1 2 1 S 10 2271741 g¢
1 4 1 g 3 2.37698 87
1 4 4 < 4 2.37613 88
1 4 1 8 4 2.7744% gs
1 4 1 S 10 2.37318 90
1 4 1 K- g Z.2120¢ <1
4 3 18 8 2 2.211632 Sz
1 2 2 < 7 2.36939 93
4 3 18 9 10 2.72¢701 S4
4 3 17 S 6 2.2¢6%8¢ 95
2z 4 17 < 2 2.36507 96
1 2 3 < 5 .2€1€7 ST
¢ 2 17 g 4 2.36139 98
1 4 L < 2 2.36138 99
1 2 4 ] 2 2,2587¢0 100



CASE

Flé
Flé
| -1
F8
F&
Fag
Fll
F3
F3
F11
F9
F3
Fg
Fll
F8

ORTHT10

POSITION

-3+ §-2-1

— e pea PO B e P e e e OO .-our-Nle-p—l—o-rﬂr-‘p-a-—-—NFthJ‘O‘JPQ"'—-}‘»—‘\'-J‘F'N'—'J‘D—

MAXIMUM PUINT POWER DENSITIES

ROW

;suoh.a-wmwua-w.p#mu;nw uNN&-}b.‘\bl\IN“‘\#NquuuWNWNN\wanﬁ'u-“é‘l\:yww

PLAT
==

==
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e R ENE et nSFsGn R g

Ll 4
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-
N =V NWy NN e~Ne

-

Whm

- 77

Y=-LEVEL

ooce;oocooooauoooio-cvacnocmooqyoooooeoommaccmm.oo-o.acc.gy-o.n

Z-LEVEL

Nt EAVINFE WS WG pRWENVWEROBW PO NI Y N )

[

-

[
O MNWOO == Dh e

POWER

==ESE

2. 356175
2.35598
Z2.35054
2.34790
2.34490
2+34432
2.33223
2.33071
2.32826
2.327234
2.32716
2. 32683
2.32619
2.32105
2.32097

2 1IN
[ F 40 y-]4

2.32380
2.31908
2.31427
2. 31367
2.31291
2.31083
2.30827
2.30816
2.30400
2.29159
2.29721
2.29580
2.29388
2.29193
2.29108
2.28978
2.28941
2.28730
2.28613
2.28292
2.28035
2.27965
2.27928

2.27780 .

2. 2T 144
2.27648
2,21517
2. 27112
2.26964
2.206958
2.26928
2.256538
2.26369

"o
nZ
n o
#om
>

104
102
103
104
105
1035
107
108
109
110
111
112
113
lis
115
118

aal

117
118
119
120
121
122
123
124

128
| Y 4

126

127

- 128

129
139
131
132
133
134
135
135

137
138

s

133
1490
lel
142
143
144
145
Laeb
147
L48
143
152



CASE

FUEL

Fo
Fl4
F9
F3
F3
Fé
F11
F3
Fl4
F1l
F8
F8
F8
F8
F3
Fa
F9
F3
F1l
F3
F3
Fe
Fl4
F6
8
F6
Fl4
£3
F11
F3
FL1
F11
F8
F3
Fil
F8
F3
F9
F3
F3
Fl4
Fll
Fo6
F3
F3
Fl4
F8
£
Fll
F9

ORTHTLO

POSITION

R I I - e aniand I+ e S e L T - N e o Ll aladl ol Bl 2 el U ON X

MAXEMUM POINT POWER DENSITIES

ROW

HPWPHRENPONVLONNNPN PV WLONONNWBPOINSENNWN RSN PSPV NW LN SN S

PLATE

— -

—
ME s CNSIC W RN @O

- -
G & =Ny

- " [ ad
DN e O -

- 78 -

VYN NE LB TNYRELLOYDOOVDIOI T O OO OO DO L @O NCODO DO O

Y-LEVEL Z-LEVEL

MNP WWN WS RPR RSP OO R NNWE SN AR OV PO NENE NN = NGNS -~

POWER

2.26157
2.25964
2.25959
2.25711
2.25699
2.25516
2. 25412
2.25326
2.25199
2. 25086
2.24828
2024568
2+ 24555
2.24382
2.24238
2.24236

2 246004
e aveVT

2+ 24068
2.23856
2.23714
2, 23661
2.23621
2.23520
2.23286
2.2315%58
2.22723
2.22595
2.22587
2. 22507
2.22080
2.22338
2.21620
2.21382
2.21379
2.21371
2.21283
2.21267
2.21084
Z2.20%12
2. 20859
2.20852
2.20682
2. 20673
2.20565
2.20491
2.20346
2.20338
2.20282
2+20269
2.20227

INDEX

==L ¥

151
152
153
i54
155
156
157
158
159
160
L6l
162
163
lé4
165
166

17
AT

168
169

- 173

1
172
173
174
175
i7é
177

-178

179
180
181
182
183
18%
185
186
187
188
189
190
191
192
193
194%
195
196
197
198
199
299



CASE = DRTHT22

FUEL

£8
F32
F2
F8
Fe
£2
F11
F11
F8
F11
F2
3
£
Fe
Fil
F2
F11
F8
FE
F2
F3
Fz
F3
Fe
Fl1
f8
Fe
F2
F11
Fl1
Fe
F11
F11
F11
F3
FE
Fa
F3
Fl1
f8
Fe
F2
£6
F2
Fle
F11
Fe
F3
Fl4

~e
rc

FCS ITICN

v-o\o-v-lOnnr-a-ao-v-n-.b"‘a-u-v-'b.bJ‘-—-&'#v—-*‘u-.hH#ﬁ"—uur‘aoﬂ-ﬂ-uv—o—u#‘-—&#u-b—t—-u--

MAXIMLM POINT POWER DENSITIES
Y<-LEVEL ZI-LEVEL

RCW

JhNMuwmNNNJbbtannawawauum#&mJ-mr\n\nu.bbuMu»p#mm'wawwma&NN#

PLATE
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o st
ODmmdn b O bWV OONDIO WL N

PONER

E2-2-2-1 3

2. 5E142
2.5789:2
2.55292
e S4E2T
2.5462%
2.54575
2,%3226
2.50681
2.50176
2.50087
2.49893
Z.4E21E
2.47732
2.,46495
2e4548E
2.64€07
2.43947
20423232

2.,63028

L o P

2.42C19
Z.414%1
2.41261
2.41257
2.4C769
240352
2.40222
2.3288&6%

2.37392
€211
2.37269
2.37248
2.3¢5808
2.36438
2.35471
2.25410
2.32881
€0 224642

9 _a4nas
L0 EVTL

2.31663
e 21%14
2.21%02
2.31455
2.3123¢
2.31297
2.31040
2.207€4

-
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CASE = CRTHTZ2 MAX IMUM PQINT POWER DENSITIES

FUEL  POSITION  RCh PLATE  Y-LEVEL 2-LEVEL  POWER INDEX
==a= ITaILAT === -2-2-2-1-1 EXTCSRESR I=ZWEEED EEEZTSE XTI
Fe 1 4 1 9 8 2.,29846 51
Fe 1 4 2 S & 2.25831 52
Fe 1 4 2 9 7 2.2540¢ 52
F11 4 3 1€ S 9 2.29335 564
F3 1 2 3 S 4 2.2907% 55
F3 X 2 1 g. 1 2.29041 s¢
F2 1 2 2 < 7 . 2.28963 57
F3 1 2 2 < ) 2. 2€751 se
F3 1 2 3 9 2 2.28€62 .55
Fe 1 4 2 S 10 2,28570 60
F6 1 3 1 s 2 2.2E51§ €1
F3 1 2 2 9 10 2428211 €2
Fe i 4 3 ] 3 2.28151 63
F11 4 3 16 9 1 Z.27674 64
F11 4 3 18 9 8 2.:784z . €S
Fl4 6 2 1€ S 2 2.271783 66
FS 2 4 18 s 4 2. ZI5EE €1
F11 4 3 17 9 10 2,27510 68
FS 2 4 1€ s 1 2.26550 69
F3 1 2 1 8 4 2.2€401 70
F2 1 2 1 e 2 2.26080 71
F8 1 4 1 £ 1 2.25544 72
Fe 1 4 4 s 1 Z.z5888 12
Fe 1 4 3 s 5 2.25735 74
F11 4 3 17 S 7 Z.25%12 75
Fil 4 3 16 g % 2.25258 7¢
Fl4 ¢ 2 1¢ s 5 2.25111 77
£6 1 3 1 s 5 . Z5CE1 7€
F11 4 3 17 9 6 2.i%071 75
F11 4 3 16 < 2 2.24523 80
F3 1 2 3 9 2 2.24412 81
Fé 1 3 1 < 3 2.24304 82
9 2 4 18 S 2 2,24022 83
Fla 6 2 18 g 3 2.22556 g4
Fe 1 4 1 e 2 2.23028 85
F8 1 4 4 < 2 2,22576 86
F3 1 2 3 s 5 2.22020 21
Fe 1 4 1 8 4 2.22529 88
£8 1 4 4 < 4 222492 es
F3 1 2 1 8 3 2.21874 SC
F11 4 3 1€ e 1 2,21713 . 91
F9 2 4 18 s < Z.z12¢€ s2
FE 1 4 2 9 9 2,20897 52
F1t 4 2 1¢ s 3 2.20760 94
F3 1 2 2 s S 2. zCe8E Ss
FE 1 4 3 9 10 2,2022€ L
F1 1 2 1 € 5 2.20188 97
F3 1 z 4 s 1 2. 155%% g
X 2 4 18 9 3 2.19873 99
Fe 1 3 2 S 1 2.19856 100




CASE = CRIMT22 MAXTIMUM PFCIANT PCWER DENSITIES

FUEL FOSITION ROW PLATE Y=LEVEL Z-LEVEL
"ERD ERERETCED t-% % § BEEBES EEBRESSEER Bz AakS
Fe 1 3 1 < 7
Fa 1 4 2 g ]
Fl4 & 2 17 9 4
Flé [ 2 18 S 1
F3 1 2 2 S [
FE 1 4 5 s 1
1.3 1 k| P < 4
FE 1 4 3 9 3
Fll L] 2 1¢ s 5
8 1 4 3 < 1
Fl4 & 2 17 .9 1
Fll 4 ? 18 8 4
Fé 1 3 1 b ] &
FE 1 4 1 8 3
F2 |3 2 3 < 10
Fl1 4 3 18 8 4
FE 1 4 4 9 3
fFla 6 2 1€ < [
F11 4 .3 17 ] 9
Fll 4 3 1& S 10
9 2 4 17 < 4
F3 1 2 & 9 4
F2? 1 2 4 S 2
9 2 4 17 S 1
Fé 1 3 2 9 2
F3 1 2 k| s 7
F8 1 4 5 S é
Fl1 4 3 15 9 1
F2 1 2 3 S [}
F11 4 3 17 S ]
Fe 1 4 1 8 5
FE 1 4 4 € 5
Fla ] 2 17 9 z
FE 1 4 ] S 4
Fo 2 4 1 8.} s 1
Fé& 1 3 1 S 10
F32 1 2 1 & 10
F9 2 4 18 < ]
F11 4 3 18 8 3
Fq 2 4 17 S 2
F3 1 2 1 e 1
Fl1 & 3 15 9 4
F32 1 2 1 4 [
F11 [ 3 3 16 9 T
F11 4 3 15 9 2
Fe 1 4 [] < 1
Fl4 6 2 17 S -5
FE 1 3 2 < 5
F8 ) | 4 4 ] 10
Fl1 4 3 16 S &

- 81 -

PCWEFP

2.19829
2415745
2.19674
2.19673
2.156C5
2.19577
2.1652¢
2.19464
2.19206
2.151€1
2.19152
2.1905¢
Ze 1ESTS
2.1889%
2.1889
Z.1EE3S
2.18838
2.18751
2.18¢€31
2.18297
Z.1749¢
2.17272
2.17100
2.17024
2.11008
2.16576
Z.1¢74¢
2.1671¢
2.16631
2.1€55S
2.16487
2.16433
Z.1621)
2.16224
2.16211
Z.15825%
2.15397
715172
2.14779
2,14226
i 1617¢
2.14114
2.14000
Ze 13612
2.13900
2.13772
i.12652
2.13630
2.13353

2.12232

INCEX

101
102
103
104
108
106
107
108
109
110
11
112
113
114
115
116
117

- 118

118
120
121
122
123
124
12¢
126
127
12¢
129
13¢
131
132
122
134
135
13¢
137
138
129
140
141
142
143
144
145
146
147
148
149

15¢C



CASE = ORTHET22 MAXIMLM POINT POWER DENSITIES

FUEL FCSITICN  RCW FLATE Y-LEVEL Z-LEVEL  PONER INDE X
E2-2-% | STTBDTRSD E- & ] .tz ex BT T3 -+ £t B & &1 EIETTE aEgsS=
Fe 1 4 1 e 10 Z.1226¢ 151
F11 4 3 18 8 s 2.13164 152
Fib 6 2 ig s i0 2.13105 153
F3 1 2 4 S 3 2.12027 154
Fe 1 E 2 s 3 2412980 155
Fl11 4 3 18 € 10 2.12882 156
8 1 4 5 9 3 Z.12702 157
Fl4 6 2 11 S . 3 2.12271 158
F8 1 4 3 s s Z.1175¢ 15¢
F2 1 2 2 8 1 2.1170¢ 16¢C -
£2 1 2 < s 1 2.11674 161
F9 2 4 17 g 5 Ze1155¢ 162
F3 1 2 4 9 5 Z.11440 163
F2 1 2 1 1 1 2.11010 164
Fe 1 4 6 S 2 2411004 165
FS 2 4 18 9 10 2.10754 166
F3 1 2 4 < 10 2.10737 167
Fe 1 4 1 8 6 Z.10542 1¢é€
Fe 1 4 ¢ s 4 2.10458 169
F8 1 4 4 3 P 2. 1045¢ 17¢
Fe 1 4 1 8 7 2.10294 171
Fe 1 4 . < 5 2.10232 172
Fl11 4 3 15 s 10 Z.1030¢ 1713
Fe 1 4 4 9 7 7.10268 174
2 2 4 17 S 3 2.10237 175
£3 1 2 3 s S 20 1023¢€ 17¢
Fe 1 4 3 s 8 2.10187 177
F8 1 4 2 ; 1 2. 65576 178
Fii 4 3 i5 g 3 7.0991% 176
F2 1 2 5 5 4 2.09127 180
F3 1 2 2 £ 4 2. 09065 181
Fe 1 4 5 9 10 2.090%51 1€2
F2 1 2 2 € 2 2.08958 183
F3 1 2 5 < 2 2. CES14 184
Fe 1 4 7 9 1 2.08862 18%
Fé 1 2 2 5 7 2.08863 186
6 1 3 3 5 1 . CETES 187
Fe 1 3 1 9 9 2.087¢7 1ee
Fl4 ¢ 2 17 s 7 2.C87122 189
Fa 1 2 3 3 g 7. GE4S4 150
F11 4 3 16 9 9 2.08406 191
F2 1 2 1 7 4 2.08382 192
F11 4 3 15 9 5 Z.CE2E4 152
Fe 1 3 3 5 4 2.08349 194
Fle 6 2 16 < 4 2.C6348 195
F2a 1 2 1 7 2 2.08269 19¢
Fe< 2 4 1¢ 9 4 2.08109 197
F11 4 3 1€ € ] 2.08004 198
Fl4 6 2 16 9 1 2.08002 18§
Fe 1 4 1 s 11 2.07911 200



